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PLASMA PROCESSING APPARATUS AND
ELECTRODE FOR SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Japanese Patent Appli-
cation No. 2009-053437 filed on Mar. 6, 2009 and Japanese
Patent Application No. 2009-297689 filed on Dec. 28, 2009,
the entire contents of which are incorporated herein by refer-
ence.

FIELD OF THE INVENTION

The present invention relates to a structure of an electrode
used for a plasma processing apparatus and a plasma process-
ing apparatus using same; and, more specifically, to a struc-
ture of an electrode for a plasma processing apparatus that
may control the distribution of an electric field strength con-
sumed by high frequency power for a generation of plasma
between parallel plate type electrodes.

BACKGROUND OF THE INVENTION

As apparatuses become commercially available for per-
forming microprocessing, e.g., etching or film forming, on a
target object by plasma action, capacitively coupled (parallel
plate type) plasma processing apparatuses, inductively
coupled plasma processing apparatuses, and microwave
plasma processing apparatuses are commonly utilized.
Among these, a parallel plate type plasma processing appa-
ratus applies high frequency power to at least one of an upper
electrode and a lower electrode facing each other, to generate
electric field energy, thereby exciting a gas to generate
plasma, which processes a target object finely.

According to the recent need for miniaturization, itis inevi-
table to supply relatively high frequency power of, e.g., 100
MHz, to generate high density plasma. As the frequency of
power supplied becomes higher, a high frequency current
flows along the plasma-side surface of the electrode from its
end portion to its central portion due to the skin effect. Such
effect causes the electric field strength to be higher at the
central portion of the electrode rather than at the end portion
of the electrode. Accordingly, the electric field energy con-
sumed for the generation of plasma at the central portion of
the electrode is higher than that at the end portion of the
electrode, and thus ionization or dissociation of a gas is fur-
ther accelerated at the central portion of the electrode than at
the end portion of the electrode. As a consequence, an elec-
tron density Ne at the central portion is higher than that Ne at
the end portion. Because a resistivity of the plasma decreases
at the central portion of the electrode with a higher electron
density Ne, a current with a high frequency (electromagnetic
wave) also focuses on the central portion in the facing elec-
trode, thus leading to further nonuniformity of the plasma
density.

Accordingly, it has been suggested to bury a dielectric
material, e.g., ceramics, in the electrode near the central por-
tion of the plasma-side surface (see, e.g., Japanese Patent
Application Publication No. 2004-363552).

It has also been suggested to ensure higher uniformity of a
plasma that the dielectric material be formed in a tapered
shape or the dielectric material be made thinner in thickness
as going from its central portion toward its periphery. FIG. 16
depicts a simulation result of an electric field strength distri-
bution for four different constructions A to D of an upper
electrode in a parallel plate type plasma processing apparatus.
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The construction A of the upper electrode 900 includes a base
905 made of a metal, e.g., aluminum (Al) and an insulation
layer 910 made of alumina (Al,Oy) or yttria (Y,O;) sprayed
on the plasma-side surface of the base 905. The construction
B of the upper electrode 900 further includes a columnar
shaped dielectric material 915 with a dielectric constant € of
10, a diameter of 240 mm, and a thickness of 10 mm, buried
in the center of the base 910 in addition to the base 905 and the
insulation layer 910. The construction C of the upper elec-
trode 900 includes a tapered dielectric material 915 which is
10 mm thick at its central portion and 3 mm thick at its end
portion. The construction D of the upper electrode 900 has a
stepped dielectric material 915 that includes a first step with
a diameter of 80 mm, a second step with a diameter of 160
mm, and a third step with a diameter of 240 mm. As a result,
in a case where there is no dielectric material as shown in “A”
of FIG. 16, the electric field strength was higher at the central
portion of the electrode than that at the end portion of the
electrode. This will be described with reference to FIG. 17A.
Assuming that electric field strength distribution is F/Emax
when the maximum electric field strength is Emax under each
condition, it can be seen that the electric field strength distri-
bution E/Emax at the plasma-side of the electrode 900
becomes dense at the central portion owing to a high fre-
quency current flowing from the end portion of the electrode
900 to the central portion of that.

On the other hand, in a case where the columnar shaped
dielectric material 915 shown in “B” of FIG. 16, the electric
field strength distribution E/Emax was lowered at the bottom
portion of the dielectric material. Referring to FIG. 17B, the
capacitance component C of the dielectric material 915 and a
sheath capacitance component (not shown) function as a volt-
age divider and the electric field strength distribution E/Emax
is lowered at the central portion of the electrode 900. And,
there occurs nonuniformity in electric field strength distribu-
tion E/Emax at the end portion of the dielectric material 915.

In a case where a tapered dielectric material 915 is pro-
vided as shown in “C” of FIG. 16, there was an improvement
in uniformity of electric field strength distribution E/Emax
made from the end portion of the electrode toward the central
portion of the electrode. Referring to FIG. 17C, it is consid-
ered that since the capacitance component was higher at the
end portion of the dielectric material 915 than at the central
portion of that, the electric field strength distribution E/Emax
was not excessively lowered at the end portion of the dielec-
tric material 915 compared to a case where a flat type dielec-
tric material 915 was provided and this allowed a uniform
electric field strength distribution.

In a case where there is provided a dielectric material 915
having steps as shown in “D” of FIG. 16, there occurred steps
in electric field strength distribution E/Emax as compared to
the case where a tapered dielectric material 915 is provided as
shown in “C” of FIG. 16. However, this case allowed a more
uniform electric field strength distribution than the case
where the columnar shaped dielectric material 915 is pro-
vided as shown in “B” of FIG. 16. The simulation result
showed that the case, where a tapered dielectric material is
provided, exhibited the most uniform electric field strength
distribution E/Emax and thus this case allowed plasma to be
generated most uniformly.

However, it suffers from the following problem to bury the
tapered dielectric material 915 in the base 905. An additive or
a screw is used to join the dielectric material 915 with the base
905. Since the base 905 is formed of a metal, e.g., aluminum
and the dielectric material 915 is formed of ceramics, there
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occurs a difference in linear heat expansion. In consideration
of'this, there is a need for providing a proper gap between the
members.

If the dielectric material 915 has a tapered shape, the
dimensional accuracy is deteriorated at the tapered portion
due to a lack of machining accuracy. This results in stress
concentration due to a difference in heat expansion. The stress
concentration is also caused by a difference in thermal con-
ductivity due to a discrepancy in dimensional tolerance at the
mating interface or a discrepancy in thickness ofthe dielectric
material. An adhesive is peeled off from the mating interface
due to the stress concentration. Since the difference in ther-
mal expansion coefficient makes it difficult to manage the gap
due to a difference in heat expansion, the peeled adhesive
escapes from the gap, which causes a contamination in the
chamber. Further, among the insulation layer 910 sprayed on
the surface of the dielectric material 915 formed of ceramic or
the like and the insulation layer 910 sprayed on the surface of
the base 905 formed of aluminum or the like, it is likely for the
insulation layer sprayed on the dielectric material formed of
ceramic or the like to be peeled off due to a difference in
adhesive strength. As aresult, a contamination in the chamber
is also caused by peeling of the material sprayed on the
dielectric material 915.

SUMMARY OF THE INVENTION

In view of the above, the present invention provides a
plasma processing apparatus that may control an electric field
strength distribution at the plasma-side surface of a parallel
plate type electrode and an electrode for the plasma process-
ing apparatus.

In accordance with a first embodiment of the present inven-
tion, there is provided a plasma processing apparatus includ-
ing: a processing chamber in which a target object is pro-
cessed by a plasma; a first and a second electrode that are
provided in the processing chamber to face each other and
have a processing space therebetween; and a high frequency
power source that is connected to at least one of the first and
the second electrode to supply a high frequency power to the
processing chamber, wherein at least one of the first and the
second electrode includes: a base formed of a plate-shaped
dielectric material; and a resistor formed of a metal and pro-
vided between the base and the plasma.

With such configuration, when a high frequency current
flows along the metal surface of the conductive cover, the high
frequency energy is distributed due to capacitance of the
dielectric base located at the opening of the conductive cover.
Accordingly, it may further reduce the electric field strength
distribution to form the base with a dielectric material than
with a metal. In addition, the electrode according to the
present invention further includes the first resistor formed of
a metal between the base and plasma. The degree of variation
in high frequency electric field strength distribution may be
controlled by adjusting the position and shape of the first
resistor. As a result, the high frequency current flows along
the skin of the first resistor as well as the metal surface of the
conductive cover. The high frequency energy is partially con-
verted into Joule heat due to the resistance of the first resistor
while the current flows through the first resistor and the con-
verted Joule heat is consumed, thus creating a potential dis-
tribution due to the current and resistance. This makes it
possible to gradually lower the high frequency electric field
strength at the position where the first resistor is arranged.

As the impedance at the electrode side increases, the elec-
tric field energy consumed for plasma decreases. In the elec-
trode according to the present invention, thus, the shape of the
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conductive cover and position and shape of the first resistor
are set so that the impedance at the central portion of the
electrode is gradually increased compared to the impedance
at the end portion of the electrode. For example, the electric
field strength at the bottom portion of the electrode may be
controlled by patterning the first resistor, thus capable of
generating plasma with uniform plasma density Ne.

Further, since there is no need of making the dielectric
material tapered, machining costs may be saved. Due to a
discrepancy in dimensional tolerance and difference in thick-
ness of dielectric material, stress concentration convention-
ally occurred and this caused the adhesive or sprayed material
to be peeled off. The peeling was a cause of contamination. In
the construction according to the present invention, however,
the first dielectric material does not necessarily have a tapered
shape, thus capable of reducing peeling of the adhesive or
sprayed material and suppressing contamination.

Further, it may be possible to achieve improved uniform
heating property and suppressed stress concentration by
forming the nearly overall part of the electrode with the same
material (dielectric material). Further, spraying a metal on the
base allows for higher adhesivity than spraying a dielectric
material on the base. In the electrode according to the present
invention, accordingly, the metallic conductive cover and the
first resistor are sprayed on the dielectric base, and thus adhe-
sivity is raised between the conductive cover and the first
resistor and the base, thus capable of improving propagation
efficiency of high frequency power.

Further, as shown in FIG. 3A, if the base 9054 of the
electrode 905 is formed of a metal such as aluminum, the
metal surface formed of aluminum is exposed at the inner
wall surfaces of the gas hole 920 and this leads to concentra-
tion of electric fields on the metal surface, thus causing abnor-
mal discharge near the gas hole 920. Accordingly, in a case
where the base 905q is formed of a metal, it is necessary to
provide the sleeve 925 made of a dielectric material, such as
alumina, in the gas hole 920, resulting in increase in number
of parts and high costs. On the other hand, as shown in FIG.
3B, if the base of the electrode is formed of a dielectric
material, the metal is not exposed at the inner wall surfaces of
the gas hole 210 and accordingly there is no problem with
abnormal discharge. Thus, it is not necessary to provide a
sleeve in the gas hole, thereby saving costs.

There may be further provided a conductive cover which
has an opening and covers the base.

The resistor may be patterned.

The at least one of the first and second electrodes may
further include a dielectric cover that covers the base at the
plasma side surface of the base, wherein the first resistor is
buried in the dielectric cover.

The dielectric cover may be formed by one of spraying,
attaching a taper or a sheet-shaped member, ion plating, and
plating.

The resistor may include a plurality of ring-shaped mem-
bers spaced from each other by a predetermined distance or a
plurality of island-shaped members spaced from each other
by a predetermined distance.

The predetermined distance may be set so that its imped-
ance 1/Cw is larger than resistance R of the resistor.

The at least one of the first and second electrodes may
further include an additional resistor formed of a metal
between the base and the plasma.

A total sheet resistance of the resistor and the additional
resistor may range from 20 Q/[] to 2000 €2/[].

An additional resistor thinner in thickness than the resistor
may be provided between the members of the resistor.
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High frequency power for generating the plasma may be
supplied to one of the first and second electrode and may have
a frequency ranging from about 13 MHz to about 100 MHz.

The electrode including the resistor may be an upper elec-
trode and a gas holes may be provided between the members
of the resistor.

The resistor may be formed by thermal spraying.

The additional resistor may be formed of a metal and
provided between the base and the plasma and the additional
resistor may be formed by thermal spraying.

The thermal spraying of the additional resistor may be
performed by using a composite resistor containing titanium
oxide.

The thermal spraying of the resistor may be performed
while leaving at least a part of a surface of the base which
faces a plasma space.

The base may be electrically connected to a clamp formed
of an electric conductor fixing the base to the processing
chamber and supporting the base at an peripheral side of the
base.

A sheet resistance of the additional resistor may range from
about 20 €2/ to about 2000 Q/[1.

A sheet resistance of the resistor may range from about
2x10™* /[ to about 20 /.

In accordance with a second embodiment of the present
invention, there is provided an electrode for use in a plasma
processing apparatus that generates a plasma of a gas by an
applied high frequency power and performs a plasma pro-
cessing on a target object by using the generated plasma,
wherein the electrode is one of a first and a second electrode
disposed to face each other with a plasma processing space
therebetween, and the electrode includes: a base formed of a
plate-shaped dielectric material; an electrically conductive
cover that has an opening and covers the base; and a resistor
formed of a metal and provided between the base and the
plasma.

As described above, the present invention may control the
distribution in strength of a high frequency electric field con-
sumed to generated plasma.

BRIEF DESCRIPTION OF THE DRAWINGS

The above features of the present invention will become
apparent from the following description of an embodiment
given in conjunction with the accompanying drawing, in
which:

FIG. 1 is a longitudinal cross sectional view illustrating a
RIE (Reactive Ion Etching) plasma etching apparatus 10
according to an embodiment of the present invention;

FIG. 2 is a view illustrating a high frequency current with
respect to the apparatus;

FIGS. 3A and 3B are a view illustrating gas holes of the
apparatus and their peripheral areas;

FIG. 4 is a graph illustrating an electric field strength
distribution depending on the resistance of a resistor;

FIG. 5A is a view illustrating an electric field strength
distribution in a case where there is provided a resistor with a
low resistance;

FIG. 5B is a view illustrating an electric field strength
distribution in a case where there is provided a resistor with a
middle resistance;

FIG. 5C is a view illustrating an electric field strength
distribution in a case where there is provided a resistor with a
high resistance;

FIG. 6A is a view illustrating an electric field strength
distribution in a case where a patterned resistor is provided
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and FIG. 6B is a graph illustrating an electric field strength
distribution in a case where a patterned resistor is provided;

FIGS. 7A to 7C are views illustrating an exemplary pattern
of a resistor;

FIG. 8A is a view illustrating an electric field strength
distribution in a case where there are provided a first resistor
(patterned resistor) and a second resistor (integrated resistor)
and FIG. 8B is a graph illustrating an electric field strength
distribution in a case where there are provided a first resistor
(patterned resistor) and a second resistor (integrated resistor);

FIG. 9A is a view illustrating an electric field strength
distribution in a case where there are provided a first resistor
and a third resistor (joint resistor) and FIG. 9B is a graph
illustrating an electric field strength distribution in a case
where there are provided a first resistor and a third resistor
(joint resistor);

FIG. 10A is a view illustrating an electric field strength
distribution in a case where the thickness of the third resistor
is varied while the first resistor is 0.5 Qne and frequency is
100 MHz and FIG. 10B is a graph illustrating an electric field
strength distribution in a case where the thickness of the third
resistor is varied while the first resistor is 0.5 €/[J and fre-
quency is 100 MHz;

FIG. 11 is a graph illustrating an electric field strength
distribution in a case where the thickness of the third resistor
is varied while the first resistor is 5 Qs and frequency is 100
MHz;

FIG. 12 is a graph illustrating an electric field strength
distribution in a case where the thickness of the third resistor
is varied while the first resistor is 50 Qf and frequency is 100
MHz;

FIG. 13 is a graph illustrating an electric field strength
distribution in a case where the thickness of the third resistor
is varied while the first resistor is 5 Qelectric field strength
MHz;

FIG. 14 is a graph illustrating an electric field strength
distribution in a case where the thickness of the third resistor
is varied while the first resistor is 50 where the thickness is
MHz;

FIG. 15A is a view illustrating an electric field strength
distribution where the first resistor has an opening at its cen-
tral portion and FIG. 15B is a graph illustrating an electric
field strength distribution where the first resistor has an open-
ing at its central portion;

FIG. 16 is a view and a graph illustrating an electric field
distribution where the shape of the dielectric material has
been changed according to the prior art;

FIG. 17A is a view illustrating an electric field strength
distribution where neither a dielectric material nor aresistor is
provided according to the prior art;

FIG. 17B is a view illustrating an electric field strength
distribution where a dielectric material is only provided with-
out a resistor according to the prior art;

FIG. 17C is a view illustrating an electric field strength
distribution where a tapered dielectric material is only pro-
vided without a resistor according to the prior art; and

FIGS. 18A and 18B are views illustrating an exemplary
variation to an electrode without a conductive cover.

FIG. 19 provides a vertical cross sectional view of an RIE
plasma etching apparatus in accordance with a modification
of the present invention.

FIGS. 20A to 20C show cross sectional views of an elec-
trode including resistors formed by thermal spraying.

FIG. 21 is a cross sectional view showing peripheral com-
ponents of a clamp for fixing the base from a peripheral side
surface thereof.
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DETAILED DESCRIPTION OF THE
EMBODIMENTS

Hereinafter, embodiments of the present invention will be
described in greater detail with reference to accompanying
drawings which form a part hereof. Through the specification,
like reference numerals refer to like elements and the repeti-
tive descriptions will be omitted.

(1) The Entire Construction of the Plasma Processing
Apparatus

First of all, the entire construction of a plasma processing
apparatus having an electrode according to an embodiment of
the present invention will be described with reference to FIG.
1. FIG. 1 depicts a RIE (Reactive lon Etching) plasma etching
apparatus (parallel plate type plasma processing apparatus)
having an electrode according to an embodiment of the
present invention. The RIE plasma etching apparatus 10 cor-
responds to a plasma processing apparatus that generates
plasma by a high frequency energy and plasma processes a
wafer W.

The RIE plasma etching apparatus 10 includes a process-
ing chamber 100 that plasma processes therein the wafer W
loaded from a gate valve V. The processing chamber 100
includes an upper cylindrical chamber 100a with a small
diameter and a lower cylindrical chamber 1005 with a large
diameter. The processing chamber 100 is made of a metal,
e.g., aluminum (Al), and grounded.

In the processing chamber, an upper electrode 105 and a
lower electrode 110 are arranged to face each other, thus
constituting a pair of parallel plate electrodes. The upper
electrode 105 includes a base 1054, a conductive cover 1055,
a dielectric cover 105¢, and a first resistor 105d. The base
105a is a plate shaped member that is formed of a dielectric
material (ceramics), such as alumina or quartz. The conduc-
tive cover 1055 has openings and covers the base 105a. The
conductive cover 1055 is formed of a metal, such as alumi-
num, carbon, titanium, or tungsten. The conductive cover
10554 is brought in tight contact with the base 105a by one of
spraying, attaching a tape or sheet-shaped member, ion plat-
ing, or plating to have a thickness a few tens of micrometers
(um).

The first resistor 1054 is provided between the base 105a
and the plasma. The first resistor 1054 is formed of a metal
with middle resistance as will be described later, such as
aluminum, carbon, titanium, or tungsten. The first resistor
105d is a sheet type resistor that has been separated into three
ring-shaped members. This shape is an example of the first
resistor 1054 as patterned. The first resistor 1054 is brought in
tight contact with the plasma side surface of the base 1054 and
buried in the dielectric cover 105¢. Further, the first resistor
105d may be exposed from the dielectric cover 105¢. Alumina
is sprayed on the surface of the upper electrode 105.

The upper electrode 105 has a plurality of gas holes 105¢
penetrating therethrough, so it may serve as a shower plate as
well. Specifically, a gas supplied from a gas supply source
115 is diffused in a gas diffusion space S of the processing
chamber and then introduced into the processing chamber
through the gas holes 105¢. Although the gas holes 105¢ are
provided only at end portions of the upper electrode 105 in
FIG. 1, the gas holes 105¢ may also be provided at the central
portion of the upper electrode 105. In this case, the gas holes
105¢ are provided to penetrate through the base 105a, the first
dielectric material 1055, the insulation layer 105¢, and the
first resistor 1054.

The lower electrode 110 includes a base 110a. The base
110a is formed of a metal, e.g., aluminum, and supported by
a support 110¢ via an insulation layer 1105. Accordingly, the
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lower electrode 110 is electrically “floated”. The support
110¢ is covered at its bottom portion by a cover 113. A baftle
plate 120 is provided at the outer periphery of a lower portion
of the support 110c¢ to control the flow of the gas.

A coolant portion 11041 is provided in the base 110a. A
coolant is introduced into the coolant portion 1104l via a
“IN” side of a coolant introduction line 11042. The coolant is
circulated in the coolant portion 110a1 and discharged from
the coolant portion 110a1 via an “OUT” side of a coolant
introduction line 11042. By doing so, the base 1104 is con-
trolled to have a desired temperature.

An electrostatic chuck mechanism 125 is provided over the
top surface of the base 110a to mount thereon a wafer W. A
focus ring 130 formed of, e.g., silicon, is provided at the outer
periphery of the electrostatic chuck mechanism 125 to main-
tain uniformity of plasma. The electrostatic chuck mecha-
nism 125 includes an insulation member 1254 made of, e.g.,
alumina, and an electrode part 1255, a metal sheet member,
which is interposed in the insulation member 125a. A DC
(Direct Current) source 135 is connected to the electrode part
1255. A DC voltage from the DC source 135 is applied to the
electrode part 1255 so that the wafer W is electrostatically
adsorbed to the lower electrode 110.

The base 110a is connected to a first matcher 145 and a first
high frequency power supply 150 via a first feeder line 140. A
gas in the processing chamber is excited by high frequency
electric field energy outputted from the first high frequency
power supply 150 to generate discharge plasma by which an
etching process is performed on the wafer W.

As shown in FIG. 2, when a high frequency power of, e.g.,
100 MHgz, is applied from the first high frequency power
supply 150 to the lower electrode 110, a high frequency
current propagates along the surface of the lower electrode
110 from the end portion of the top surface of the lower
electrode 110 to the central portion thereof by skin effect.
Accordingly, the electric field strength is higher at the central
portion of the lower electrode 110 than at the end portion of
the lower electrode 110, thus accelerating ionization or dis-
sociation of the gas at the central portion of the lower elec-
trode 110 than at the end portion of that. As a consequence,
the electron density of the plasma Ne is higher at the central
portion of the lower electrode 110 than at the end portion of
that. As the resistivity of plasma is lower at the central portion
of the lower electrode 110, which has a higher electron den-
sity of plasma Ne, a high frequency current is concentrated on
the central portion ofthe upper electrode 105 facing the lower
electrode 110, thus causing further nonuniformity in density
of plasma. In the plasma etching apparatus 10 according to
the embodiment, however, the upper electrode 105 includes
the first dielectric material 1055 and the first resistor 1054.
Accordingly, the capacitance component of the first dielectric
material 10556 and the sheath capacitance component function
as a voltage divider, and this may result in uniformity in
plasma density by obviating such a phenomenon that the
density of plasma is higher at the central portion than at the
end portion. This mechanism will be described later. The high
frequency current that have propagated along the metal sur-
face of the upper electrode 105 flows through the processing
chamber 100 to the ground.

Returning to FIG. 1, a second feeder line 155 split from the
first feeder line 140 is connected to a second matcher 160 and
a second high frequency power supply 165. A high frequency
bias voltage having a frequency of, e.g., 3.2 MHz, outputted
from the second high frequency power supply 165 is used for
attracting ions into the lower electrode 110.

An exhaust port 170 is provided at a bottom surface of the
processing chamber 100 and an exhaust device 175 connected
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to the exhaust port 170 is driven to maintain the interior of the
processing chamber 100 at a desired vacuum state. Multi-pole
ring magnets 180a and 1805 are arranged around the upper
chamber 100a. Inthe multi-pole ring magnets 180a and 1805,
a plurality of anisotropic segment columnar magnets is
attached to ring-shaped magnetic material casings and the
magnetic pole of each anisotropic segment columnar magnet
has an opposite direction of the magnetic pole of another
anisotropic segment columnar magnet adjacent thereto. By
doing so, magnetic force lines are formed between adjacent
segment magnets and a magnetic field is only formed around
the processing space between the upper electrode 105 and the
lower electrode 110 so that plasma may be trapped within the
processing space.

If the base 9054 of the electrode 905 is made of a metal,
e.g., aluminum as shown in FIG. 3A, the inner wall surfaces
of'the gas holes 920, which are aluminum metal surfaces, are
exposed to the plasma. Then, the electric field is focused on
the metal surfaces, which may cause abnormal discharge
around the gas holes 920. To prevent this, there is a need of
providing a sleeve 925 made of a dielectric material, such as
alumina, in the gas hole 920 when the base 9054 is made of a
metal. This leads to increase in number of parts and costs. On
the other hand, in the construction of the upper electrode 105
according to the embodiment, the dielectric base 105a is
exposed through the inner wall surfaces of the gas hole 210
but the metallic backside surfaces are not exposed as shown in
FIG. 3B. This prevents the occurrence of abnormal discharge.
Accordingly, it is unnecessary to place an additional sleeve in
the gas hole, thus saving costs.

(2) Relationship between the Resistor and an Electric Field
Strength Distribution

Prior to describing functions of the dielectric base 1055
and the first resistor 1054 as provided in the upper electrode
105, the control of electric field strength distribution using a
dielectric material and a resistor will be described with ref-
erence to F1G. 4 and FIGS. 5A, 5B, and 5C. Referring to FIG.
5A, a dielectric material 3055 is buried in a metallic base
305a. A sheet-shaped, metallic resistor 3054 is buried in a
dielectric cover 305¢ in the vicinity of the plasma side surface
of the dielectric material 3055. In this case, the resistor 3054
has the following effects on electric field strength distribution
at the bottom portion of the upper electrode 105. FIG. 4
depicts a simulation result made by the inventors to prove this
situation. As a simulation condition, the resistivity p of
plasma was set 1.5 Qm throughout the overall simulations.
Further, the frequency of high frequency power as supplied
was set 100 MHz unless otherwise mentioned. And, the sheet
resistance of a resistor is represented as resistance per unit
area €2/[] of a sheet type resistor.

First, the inventors made simulations on a case where nei-
ther the dielectric material 3055 nor the resistor 3054 is
present (FIG. 17A), a case where the resistor 3054 has a low
resistance (0.002 Q/[, 2 Q/[1), a case where the resistor 3054
has a middle resistance (200 Q/[1), and a case where the
resistance 3054 has a high resistance (20,000 €2/[]).

(2-1) In a Case that Neither a Dielectric Nor a Resistor are
Present

There will be described an electric field strength distribu-
tion in case of an electrode (FIG. 17A) that includes neither
the dielectric material 30556 nor the resistor 305d. Hereinafter,
the electric field strength distribution is represented as
E/Emax when the maximum value of an electric field strength
under each condition is Emax. As is apparent from the simu-
lation results on the case where neither dielectric material nor
resistor are present which belongs to group A in FIG. 4, the
electric field strength distribution E/Emax at the bottom por-
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tion of the upper electrode 900 becomes dense at its central
portion with respect to the high frequency current flowing
from the end portion of the upper electrode 900 to the central
portion.

(2-2) In a Case that the Resistor is Absent

In a case where the dielectric material 915 is only provided
without the resistor (FIG. 17B), the electric field strength
distribution E/Emax is lowered at the central portion of the
upper electrode 900 compared to the case where neither
dielectric material nor resistor is present. This is why when
the high frequency current flows along the metal surface of
the upper electrode 900, a voltage divider occurs due to the
capacitance component by the dielectric material 915 pro-
vided at the central portion of the upper electrode 900 and the
sheath capacitance component and high frequency electric
field strength is distributed over the bottom portion of the
dielectric material.

It has been already developed and well known in the art to
make the dielectric material tapered in order to improve the
electric field strength distribution as shown in FIG. 16C. In
this case, uniformity in electric field strength distribution
E/Emax from the end portion of the upper electrode 900
toward the central portion of that was improved as shown in
FIG. 17C. This result is considered to be obtained because the
capacitance component C was further increased at the end
portions of the dielectric material 915 than at the central
portions of that and thus, a uniform distribution was obtained
without the electric field strength distribution E/Emax being
excessively lowered at the end portions of the dielectric mate-
rial 915, as compared to the case where a flat dielectric mate-
rial 915 is provided.

However, if the dielectric material 915 is formed in the
tapered shape, thermal expansion difference of the dielectric
material is increased respective of the aluminum base, stress
is focused on the mating surface, and discrepancy in heat
conductivity due to discrepancy in dimensional tolerance
occurs at the mating interface, thus causing contamination at
the gap of the mating surface. Further, difference between the
dielectric material surface and the metal surface leads to
difference in adhering property of spray and this peels off the
sprayed material. This may be a cause of contamination in the
chamber and lower production yield. Accordingly, the inven-
tors buried the resistor 3054 in the dielectric cover 305¢ in
addition to the flat-shaped dielectric material 3055 instead of
making the dielectric material 915 tapered. The operation and
effects of the resistor 3054 will now be described.

(2-3) In a Case that the Resistor Has a Low Resistance

As shown in the simulation result in FIG. 4, a case where
the resistor 305 has a low resistance (0.002 Q/], 2 Q/)
belongs to group A similarly to the case where neither dielec-
tric material nor resistor are present. In this case, as shown in
FIG. 5A, the high frequency current I flows along the metal
surface of the base 305a of the upper electrode 105 from the
end portion toward the central portion. At the same time, the
high frequency current I flows along the metal surface of the
resistor 3054 from the end portion toward the central portion.

The distance from the metal surface of the base 3054 to the
end portion of the resistor 3054 is smaller than the skin depth
of'the high frequency power. The skin depth refers to a depth
of' the skin through which most of the high frequency current
passes among the surface portions of a conductive material.
Accordingly, if the gap between the base 3054 and the resistor
305d is smaller than the skin depth as in this embodiment, the
high frequency current I may flow along the surface of the
resistor 305d. On the other hand, if the gap exceeds the skin
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depth, the high frequency current I may not flow along the
surface of the resistor 305d. And, the skin depth is defined as
the following equation:

5=(2/wop)*?

where, w=2nf (f: frequency), o: conductivity, w: perme-
ability

It is considered that since the resistor 3054 has a low
resistance, the resistor 3054 is substantially equipotential at
both the central position PC and end position PE and the
amount of current flowing along the metal surface of the
resistor 3054 is approximately equal to the amount of current
flowing along the metal surface of the base 305a. As a con-
sequence, as viewed from the plasma side, it appears that the
base 3054 and the resistor 3054 are integrated to each other
and the dielectric material 3056 is not existent. That is,
because the dielectric material 3056 is shielded by the resistor
3054, it is impossible to lower the high frequency electric
field strength distribution E/Emax by the capacitance com-
ponent of the dielectric material 3055 and thus the distribu-
tion becomes the electric field strength distribution E/Emax
similar to the case where neither the dielectric material 3055
nor the resistor 3054 are present (FIG. 17A).

(2-4) In a Case that the Resistor Has a Middle Resistance

On the other hand, the simulation result in FIG. 4 showed
a case where the resistor 3054 has a middle resistance (200
/) belongs to group B identical to the case where a tapered
dielectric material is present (FIG. 17C). In this case, as
shown in FIG. 5B, the high frequency current I flows along
the metal surface of the base 3054 of the upper electrode 105
from the end portion toward the central portion. At the same
time, the high frequency current 1 flows along the metal
surface of the resistor 3054 from the end portion toward the
central portion.

Here, the resistor 3054 has a middle resistance. Accord-
ingly, a potential difference occurs between the central posi-
tion PC of the resistor 3054 and the end position PE and part
of'the high frequency energy is converted into Joule heat and
consumed due to the resistance R of the resistor 3054 while
the current flows through the resistor 3054, and a potential
distribution occurs due to the current and resistor. Accord-
ingly, in a case where the resistor 3054 has a middle resis-
tance, the high frequency electric field strength distribution
E/Emax may be gradually decreased.

That is, it is possible to make the impedance Z (=C+R) at
the central portion of the upper electrode 105 gradually larger
than the impedance Z (=C) at the end portion of the upper
electrode 105 by providing a patterned metallic resistor only
at a portion desired to control the impedance. The larger the
impedance is at the electrode side, the lower the electric field
energy may be consumed by plasma. This allows the electric
field strength distribution E/Emax to be uniform at both the
central portion and the end portion of the upper electrode 105
as shown in FIG. 5B. Consequently, even without any tapered
dielectric material, plasma with uniform electron density Ne
may be generated by using the dielectric material 3056 and
the resistor 3054 similarly to the case of using a tapered
dielectric material.

(2-5) In a Case that the Resistor Has a High Resistance

The simulation result in FIG. 4 showed a case where the
resistor 3054 has a high resistance (20,000 £/(]J) belonged to
group C identically to the case where a dielectric material is
provided without any resistor (FIG. 17B). In this case, as
shown in FIG. 5C, the high frequency current I flows along
the metal surface of the base 3054 of the upper electrode 105
from the end portion toward the central portion. Since the
resistor 3054 has a high resistance, however, the resistor 3054
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serves as an insulation material so the high frequency current
1 does not flow along the metal surface of the resistor 3054d.
Resultantly, as viewed from the plasma side, it appears that
the capacitance component C of the dielectric material 3054
is only existent and the electric field strength distribution
E/Emax is lowed at the central portion and nonuniform at the
end portion similarly to the case where the dielectric material
is only provided as shown in FIG. 17B.

From the above results, it can be seen that it could be
preferred to select the sheet resistance of the resistor 3054 as
any one among 20 Q/[1~2000 Q/[] which is higher than the
low resistance 2 Q/[] and less than 20000 Q/[7. In the upper
electrode 105 according to the embodiment, from the above
results, there is provided the first resistor 1054 with middle
resistance at the bottom portion of the dielectric base 105a.
Further, the first resistor 1054 has a metallic pattern at only a
portion desired to control the impedance.

(3) Relationship between the Shape and a Combination of
Resistors and an Electric Field Strength Distribution

Next, the inventors performed simulations on how the
shape or a combination of resistors affects the electric field
strength distribution in order to optimize a proper shape or
combination of the resistor.

(3-1) In a Case that the First Resistor (Patterned Resistor)
is Provided

First, the inventors patterned the first resistor 1054 as
shown in FIG. 6A and FIG. 7A. The cross section taken along
line 1-1 in FIG. 6 A corresponds to a right half of FIG. 7A. The
first resistor 1054 is divided into three ring shaped members.
The outermost ring shaped member 10541 has a diameter &
01240 mm, the middle ring shaped member 10542 a diameter
@ of 160 mm, and the innermost circular shaped member
10543 a diameter ¢ of 80 mm. The members are equi-spaced
by a predetermined distance from each other. The predeter-
mined equal distance is set so that its impedance 1/Cw is
larger than resistance R of the first resistor 1054.

The simulation result in FIG. 6B showed a case where the
first resistor 1054 has a low resistance (0.002 Q/[7, 2 Q/[7) or
a middle resistance (200 €2/[]J) provided an electric field
strength distribution similar to a case where the dielectric
material 915 having such steps as shown in FIG. 16D is
provided. As viewed from the plasma side, there appear the
capacitance component C of the exposed portion of the base
105a, the resistance component R1 of the first resistor 1054,
and the reactance component X1 occurring between metals in
the first resistor 1054, whereby the electric field strength
distribution E/Emax at the central portion of the upper elec-
trode 105 is lowered, thus making the overall electric field
strength distribution uniform as shown in FIG. 6B while
generating uniform plasma. In a case where the first resistor
1054 has a high resistance (20,000 £/[]), nonuniformity in
electric field strength distribution E/Emax occurred near the
end portion of the first dielectric material 1055 rather than in
a case where the first resistor 1054 has a low or middle
resistance.

Further, instead of being formed as the plurality of ring-
shaped members spaced from one another by the predeter-
mined distance as shown in FIG. 7A, the first resistor 1054
may be formed as a plurality of island-shaped members each
being substantially shaped as a square and spaced from the
others by a predetermined distance as shown in FIG. 7B, or as
a plurality of island-shaped members each being shaped as a
circle and spaced from the others by a predetermined distance
as shown in FIG. 7C. In either case, the predetermined e